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©  Conjugate  filament  spinning  process. 
In  spinning  a  conjugate  filament,  the  orifice  is  in  the  form 

of  a  slot  (20),  and  an  interface  (26)  between  two  conjugated 
polymers  flowing  through  the  orifice  extends  transversely 
across  the  slot  in  at  least  two  locations.  The  spun  stream  thus 
comprises  a  plurality  of  separate  spun  interfaces.  Preferably 
the  slot  meanders  back  and  forth  across  the  Interface  (26). 
The  spun  stream  is  solidified,  and  may  thereafter  be 
separated  into  sub-filaments.  The  two  polymers  are  for 
example  nylon  66  and  polyethylene  terephthalate. 



The  i n v e n t i o n   r e l a t e s   to  the  a r t   of  spinning  c o n j u g a t e  

f i l amen t s   having  at  l e a s t   two  i n t e r f a c e s   between  d i f f e r e n t   po lymers .  

It  has  long  been  known  to  spin  con juga te   f i l a m e n t s  

having  a  s ing le   i n t e r f a c e   between  d i f f e r e n t   polymeric  components .  

Conjugate  f i l a m e n t s   having  a  p l u r a l i t y   of  i n t e r f a c e s   between  d i f f -  

e ren t   polymeric  components  are  l ikewise   known,  as  t y p i f i e d   b y '  

Hayashi  U.S.  Pa ten t   4 , 051 ,287 ,   the  d i s c l o s u r e   of  which  is  i n c o r p -  

orated  herein  by  r e f e r e n c e .   As  d i s c l o s e d   t h e r e i n ,   a l t e r n a t i n g  

segments  of  polyamide  and  p o l y e s t e r   are  spun  in  s i d e - b y - s i d e  

adhering  r e l a t i o n s h i p   to  form  a  hollow  f i l a m e n t .   The  Hayashi  

spinning  process  involves   forming  a  l a rge   number  of  s e p a r a t e  

polymer  i n t e r f a c e s   p r io r   to  the  s p i n n e r e t   o r i f i c e ,   which  e n t a i l s  

a  c o n s i d e r a b l e   complex i ty   in  the  c o n j u g a t i o n   p l a t e s   pr ior   to  t h e  

s p i n n e r e t   i t s e l f .  

According  to  the  p resen t   i n v e n t i o n ,   the  c o n j u g a t i o n  

p la tes   upstream  of  the  s p i n n e r e t   can  be  c o n s i d e r a b l y   s i m p l i f i e d  

by  a p p r o p r i a t e   design  of  the  s p i n n e r e t   o r i f i c e .  

According  to  a  major  aspect   of  the  i n v e n t i o n ,   t h e r e  

is  provided  a  sp inning  process  for  producing  a  spun  stream  com- 

p r i s ing   a  p l u r a l i t y   of  s epa ra t e   spun  i n t e r f a c e s   from  a  given  s i n g l e  

i n t e r f a c e   between  d i f f e r e n t   polymers  in  a  supply  s t ream,  the  g i v e n  

i n t e r f a c e   extending  g e n e r a l l y   p a r a l l e l   to  the  d i r e c t i o n   of  t h e  

supply  s tream,  the  process   c o m p r i s i n g  :  

passing  the  supply  stream  through  a  s p i n n e r e t   o r i f i c e ,   the  o r i -  

f ice   being  e f f e c t i v e l y   in  the  form  of  an  e longated   s l o t ,   a  f i r s t  



por t i on   of  the  given  i n t e r f a c e   passing  through  and  e x t e n d i n g  

t r a n s v e r s e l y   across   the  width  of  the  s lo t   at  a  f i r s t   l o c a t i o n  

along  the  length  of  the  s l o t ,   and  a  second  por t ion   of  the  g i v e n  

i n t e r f a c e   passing  through  and  extending  t r a n s v e r s e l y   across   t h e  

width  of  the  s lo t   at  a  second  l o c a t i o n   along  the  l ength   of  t h e  

s l o t ;   and  s o l i d i f y i n g   the  spun  stream  i s su ing   from  the  s l o t .  

According  to  ano the r   aspect   of  t h e " i n v e n t i o n ,   t h e  

polymers  in  the  supply  stream  a r e  i n   s h e a t h - c o r e   r e l a t i o n s h i p .  

According  to  ano the r   aspect   of  the  i n v e n t i o n ,   t h e  

s l o t   meanders  back  and  f o r t h   across  the  i n t e r f a c e .  

According  to  ano ther   a s p e c t  o f   the  i n v e n t i o n ,   t h e  

s o l i d i f i e d   spun  stream  is  t h e r e a f t e r   s epa ra t ed   into  a  p l u r a l i t y  

of  s u b - f i l a m e n t s .  

Other  a spec t s   of  the  invent ion   will   in  p a r t  a p p e a r  

h e r e i n a f t e r   and  will   in  par t   be  obvious  from  the  fo l lowing   d e t -  

a i l e d   d e s c r i p t i o n   taken  in  c o n n e c t i o n . w i t h   the  accompanying 

DRAWING  in  w h i c h  :  

The  s i ng l e   FIGURE  is  a  bottom  plan  view  ( looking  up) 

of  the  p r e f e r r e d   s p i n n e r e t   o r i f i c e   used  in  p r a c t i s i n g   t h e  

i n v e n t i o n .  

As  shown  in  the  FIGURE,  the  p r e f e r r e d   s p i n n e r e t   con -  

s t r u c t i o n   inc ludes   severa l   g e n e r a l l y   arched  or  h o r s e s h o e - s h a p e d  

s l o t s   20  in  s p i n n e r e t   blank  22  arranged  s y m m e t r i c a l l y   about  a 

c e n t r a l   p o i n t ,   the  open  ends  of  the  horseshoe  shape  f a c i n g  

inwardly .   The  severa l   s l o t s   20  c o n s t i t u t e   a  combined  o r i f i c e  

for  sp inning  a  s i ng l e   f i l a m e n t .   Slots  20  extend  e n t i r e l y   t h r o u g h  

blank  22  except  for  a  r eces sed   web region  24  at  the  apex  of  each  

s l o t   20.  The  two  d i f f e r e n t   polymers  are  fed  to  the  combined 

o r i f i c e   as  a  s h e a t h - c o r e   supply  stream,  with  do t t ed   c i r c l e   26 

r e p r e s e n t i n g   the  i n t e r f a c e   between  the  two  polymers .   The  a d j a c e n t  

ends  of  ad j acen t   s l o t s   20  are  s u f f i c i e n t l y   c lose   t h a t   the  s t r e a m s  

i s su ing   theref rom  un i t e   j u s t   below  the  s p i n n e r e t .   The  molten  spun 

stream  is  thus  a  hollow  s t r u c t u r e   composed  of  a l t e r n a t i n g   a x i a l l y  



ex t end ing   segments  of  the  two  polymers.   S u r f a c e  t e n s i o n   and  o t h e r  

e f f e c t s   tend  to  make  the  molten  spun  s t r e a m  a p p r o a c h   a  ho l l ow  

c i r c u l a r   c r o s s - s e c t i o n   p r i o r   to  s o l i d f f i c a t i o n ,   s u b s t a n t i a l l y   as  

shown  in  Hayashi  U.S.  Pa ten t   4051287,  Figure  1 .  

The  sp inning   process   thus  produces  a  spun  stream  c o m p r i s -  

ing  a  p l u r a l i t y   of  s e p a r a t e   spun  i n t e r f a c e s   from  the  s ing le   s h e a t h -  

core  i n t e r f a c e   between  the  d i f f e r e n t   polymers  in  the  supply  s t r e a m ,  

the  s h e a t h - c o r e   supply  i n t e r f a c e   ex tending   g e n e r a l l y   p a r a l l e l   t o  

the  d i r e c t i o n   of  the  supply  s tream.  This  is  accompl ished   in  t h i s  

embodiment  by  passing  the  supply  stream  through  a  s p i n n e r e t   o r i f i c e  

having  the  form  of  an  e l onga t ed   s l o t .   A  f i r s t   p o r t i o n   of  t h e  

supply  i n t e r f a c e   passes  through  and  extends  t r a n s v e r s e l y   a c r o s s  

the  width  of  the  s l o t   at  a  f i r s t   l o c a t i o n   along  the  length  of  t h e  

s l o t ,   and  a  second  por t ion   of  the  supply  i n t e r f a c e   passes  t h r o u g h  

and  extends   t r a n s v e r s e l y  a c r o s s   the  width  of  the  s l o t   at  a  second 

l o c a t i o n   along  the  length  of  the  s l o t .  

As  d i s c l o s e d   s p e c i f i c a l l y   above,  the  s eve ra l   i n d i v i d u a l  

s l o t s   20  are  so  near ly   spaced  as  to  be  e f f e c t i v e l y   in  the  form  o f  

a  s i n g l e   cont inuous   s l o t .   Each  i n d i v i d u a l   s l o t   20  provides   for  a 

spun  sub-s t r eam  having  two  i n t e r f a c e s ,   and  the  i l l u s t r a t e d   combined 

o r i f i c e   provides   a  combined  spun  stream  having  12  i n t e r f a c e s   between 

d i f f e r e n t   polymeric  componen t s .  

EXAMPLE  I 

Nylon  66  polymer  and  p o l y e t h y l e n e   t e r e p h t h a l a t e   po lymer ,  

each  of  normal  molecular   weight  for  apparel   end  u s e s ,   are  e x t r u d e d  

at  a  t empera tu re   of  290°C.  through  the  combined  o r i f i c e ,   the  ny lon  

polymer  being  the  core  of  the  s h e a t h - c o r e   stream  approaching   t h e  

combined  o r i f i c e .   Equal  volumes  of  the  two  polymers  are  s u p p l i e d ,  

with  the  e x t r u s i o n  r a t e   s e l e c t e d   to  produce  a  c o n j u g a t e   f i l a m e n t  

having  a  denier   of  19.5  at  a  sp inning  speed  of  1500  yards  ( a b o u t  

1350  meters)   per  minute.   A  quench  zone  j u s t   beneath   the  s p i n n e r e t  

and  1.5  meters  in  height   is  suppl ied   with  quenching  a i r   at  200C. ,  

the  a i r   being  d i r e c t e d   h o r i z o n t a l l y   onto  the  polymer  stream  and 

having  a  speed  of  25  meters  per  minute.   Below  the  quench  z o n e ,  



steam  is  app l i ed   to  the  f i l a m e n t ,   a  convent iona l   f i n i s h   is  a p p l i e d ,  

and  the  f i l a m e n t   is  wound. 

The  spun  f i l a m e n t   is  then  drawn  at  65  meters   per  m i n u t e  

and  at  a  draw  r a t i o   of  2.16  over  a  con t ac t   hea te r   at  132°C. ,   t h e  

hea te r   being  0.4  meters  long.  The  r e s u l t i n g   drawn  y a r n .  c a n   b e  

m e c h a n i c a l l y   worked  to  break  the  con juga te   f i l a m e n t - i n t o   12  s u b -  

f i l a m e n t s .  

EXAMPLE  x  

Seventeen  of  the  above  spun  f i l amen t s   are  spun  s i m u l -  

t a n e o u s l y   and  c o l l e c t e d   as  a  m u l t i f i l a m e n t   yarn  under  the  s p i n n i n g  

c o n d i t i o n s   of  Example  I.  The  spun  yarn  is  then  d r a w - t e x t u r e d   a t  

540  meters  per  minute  over  a  two  meter  hea te r   set   at  220°C.  The 

r e s u l t i n g   t e x t u r e d   yarn,   when  s e p a r a t e d   into  s u b - f i l a m e n t s   and 

r e l a x e d ,   is  very  voluminous  and  has  high  covering  power .  
EXAMPLE  I I I  

Example  I  is  r e p e a t e d ,   except   tha t   the  sp inn ing   s p e e d  

is  i n c r e a s e d   to  4500  meters  per  minute  while  the  den ie r   of  t h e  

con juga te   f i l a m e n t   is  reduced  to  4.  The  r e s u l t i n g   s u b - f i l a m e n t s ,  

a f t e r   s e p a r a t i o n   and  immersion  in  bo i l ing   water ,   form  a  h i g h l y  

voluminous  and  l o f t y   yarn.  Fab r i c s   formed  from  the  con juga te   y a r n  

acqui re   a  very  so f t   hand  and  i n c r e a s e d   bulk  and  cover ing   power  when 

the  f a b r i c   is  mechan i ca l l y   worked  enough  to  s e p a r a t e   the  yarn  i n t o  

s u b - f i l a m e n t s .   Simple  exposure  of  the  f a b r i c  t o   b o i l i n g   water  i s  

adequate  in  many  i n s t a n c e s ,   s ince   the  f l ex ing   of  the  yarn  i n v o l v e d  

in  c e r t a i n   f a b r i c   fo rmat ions   s e p a r a t e s  t h e   s u b - f i l a m e n t s .  



1.  A  sp inn ing   process   for  producing  a  spun  s t ream  c o m p r i s i n g  

a  p l u r a l i t y   of  s e p a r a t e   spun  i n t e r f a c e s   from  a  given  s i n g l e   i n t e r -  

face  between  d i f f e r e n t   polymers  in  a  supply  s t ream,   the  said  g i v e n  

i n t e r f a c e   ex tend ing   g e n e r a l l y  p a r a l l e l   to  the  d i r e c t i o n   of  t h e  

supply  s t ream,   the  process   c o m p r i s i n g  :  

a.  pass ing  the  supply  stream  through  a  s p i n n e r e t  

o r i f i c e ,   the  o r i f i c e   being  e f f e c t i v e l y   in  t h e  

form  of  an  e longa ted   s l o t ,   a  f i r s t   p o r t i o n   o f  

the  i n t e r f a c e   pass ing   through  and  e x t e n d i n g  

t r a n s v e r s e l y   across   the  w i d t h  o f   the  s l o t   a t  

a  f i r s t   l o c a t i o n   along  the  length  of  the  s l o t ,  

and  a  second  po r t i on   o f  t h e   i n t e r f a c e   p a s s i n g  

through  and  ex tend ing   t r a n s v e r s e l y   ac ros s   t h e  

width  o f  t h e   s l o t   at  a  second  l o c a t i o n   a l o n g  

the  length  of  the  s l o t ;  

and 

b.  s o l i d i f y i n g   the  spun  stream  i s su ing   from  t h e  

s l o t .  

2.  A  process   as  def ined  in  Claim  1,  in  which  the  s l o t  

meanders  back  and  for th   across   the  i n t e r f a c e .  

3.  A  process   as  def ined  in  Claim  1  or  Claim  2,  in  which 

the  polymers  in  the  supply  stream  are  in  s h e a t h - c o r e   r e l a t i o n s h i p .  

4.  A  process   as  def ined  in  any  of  the  p reced ing   c l a i m s ,  

in  which  the  s o l i d i f i e d   spun  stream  is  t h e r e a f t e r   s e p a r a t e d   i n t o  

a  p l u r a l i t y   of  s u b - f i l a m e n t s .  
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